To clarify affinities of M. spatha, we present a molecular phylogeny emphasising species in M. subg. Pseudosporobolus using sequence data from two plastid markers (rpl32-trnL and rps16 intron) and nrDNA ITS. In addition, we include an updated description, illustration and discussion of the habitat of M. spatha.
Introduction
Muhlenbergia spatha Columbus is a small (usually less than 20 cm tall) annual first collected in the mountains of San Miguelito, in the valley of San Luis Potosí by J.G. Schaffner in 1876 (Bentham 1882) . There are few collections of this species (only two known numbers collected by Schaffner with at least 14 duplicates) and it was thought to be extirpated until it was rediscovered near the type locality by J.T. Columbus along the Río Potosino in the Sierra de San Miguelito in 2001 (Columbus et al. 2001) . Muhlenbergia spatha can be separated from other species in the genus by its possessing small, few-branched condensed panicles that are partially included in a spatheolate sheath with each branch containing 1-5 sessile spikelets. Bentham (1882) thought Schaffnerella gracilis (Benth.) Nash (≡ Schaffnera gracilis Benth. ≡ Muhlenbergia spatha) was related to other members of the Zoysieae (e.g. Zoysia Willd. and Aegopogon P. Beauv = Muhlenbergia Schreb.), but he also suggested the inflorescences were nearer to members of the Andropogoneae or Pappophoreae. Beal (1896) , Nash (1912) , and Conzatti (1988) followed Bentham and included the monotypic Schaffnerella Nash in the Zoysieae. There are no modern treatments of Schaffnerella in Mexico, although a fairly complete genus and species description is given in Nash (1912) and, later, much abbreviated in Conzatti (1988) . Pilger (1956) placed Schaffnerella in the tribe Lappagineae Link, again near Zoysia and Aegopogon. Clayton and Renvoize (1986) indicated Schaffnerella was "an isolated genus apparently related to Opizia" J. Presl (= Bouteloua Lag.; Peterson et al. 2015) and placed it in the tribe Cynodonteae. Currently, the Cynodonteae includes 25 subtribes, 95 genera and 859 species (Peterson et al. 2010a (Peterson et al. , 2016 Soreng et al. 2017) . Molecular DNA sequence studies support placement of Schaffnerella in the Cynodonteae, aligning the genus within the monogeneric subtribe Muhlenbergiinae Pilg. in Muhlenbergia Schreb. subg. Pseudosporobolus (Parodi) P.M. Peterson (Columbus et al. 2010; Peterson et al. 2010a Peterson et al. , 2010b . There are at least 27 species of Muhlenbergia that align within M. subg. Pseudosporobolus.
In this paper, we report two new collections of Muhlenbergia spatha in Zacatecas, include a complete updated description and illustration and present a molecular phylogeny of species in M. subg. Pseudosporobolus using sequence data from two plastid markers (rpl32-trnL and rps16 intron) and a single nuclear marker (ITS). Our new molecular phylogeny of M. subg. Pseudosporobolus was included to characterise evolutionary relationships of M. spatha, since earlier analyses for this species were based on few markers (Columbus et al. 2010; Peterson et al. 2010b ). Based on a single sequence (rpl32-trnL), M. spatha paired with M. alopecuroides (Griseb.) P.M. Peterson & Columbus in a plastid tree and it paired with M. wrightii Vasey ex J.M. Coult. in a combined (plastid and ITS) tree (Peterson et al. 2010b ).
Materials and methods
Phylogenetic analyses. Detailed methods for DNA extraction, amplification, sequencing and phylogenetic analysis are given in Peterson et al. (2010a Peterson et al. ( , 2010b Peterson et al. ( , 2014 Peterson et al. ( , 2015 Peterson et al. ( , 2016 . In brief, we estimated the phylogeny amongst members of Muhlenbergia based on the analysis of three molecular markers (nuclear ribosomal ITS 1&2; plastid rpl32-trnL and rps16 intron DNA sequences). For this study we included a sampling of species within the five subgenera of Muhlenbergia, M. ramulosa (Kunth) Swallen and the outgroups Distichlis scoparia (Nees ex Kunth) Arechav. (Cynodonteae, Monanthochloinae), Sporobolus indicus (L.) R. Br. (Zoysieae, Sporobolinae) and Willkommia sarmentosa Hack. (Cynodonteae, Traginae) [Peterson et al. 2010b [Peterson et al. , 2016 . Voucher information and GenBank numbers for all 41 samples used in the analysis are given in Table 1 . Table 2 . In Figure 1 , we combined the plastid-ITS sequences in our analysis since there was little incongruence between these data sets.
Results and discussion

Phylogeny
The maximum-likelihood tree from the combined analysis of ITS and two plastid regions (rpL32-trnL and rps16 intron) is well resolved, with strong support for the monophyly of Muhlenbergia, including M. ramulosa and five subgenera, Bealia, Clomena, Muhlenbergia, Pseudosporobolus and Trichochloa [ Fig. 1 , not yet sampled and not included in our tree) all have plumbeous-mottled spikelets that disarticulate as a unit (below the glumes) leaving a small cuplike tip and glumes with 2-5 recurved awns (Reeder 2003; Peterson et al. in prep.) . Plumbeousmottled spikelets and well-developed sclerenchyma girders in the primary vascular bundles are additional traits shared by members of M. subg. Pseudosporobolus (Watson and Dallwitz 1992; Peterson and Herrera Arrieta 2001; Peterson et al. 2010b ). Description. Delicate annuals, loosely caespitose. Culms 5-20(-30) cm tall, erect, geniculate below; nodes scaberulous, branching at lower and middle nodes; internodes 2.0-4.5(-8.0) cm long, strongly 4-6 ribbed. Leaves caulescent and basal; ligules 0.8-1.8 mm long, membranous, decurrent, apex obtuse, minutely erose; sheaths 0.8-1.5 cm long, much shorter than the internodes, oblong, open, chartaceous, strongly ribbed with 7-9-veins, sometimes keeled, margins hyaline; blades 0.5-4 cm long, 0.5-1.5 mm wide, flat or folded, adaxially scattered pubescent near base, the hairs antrorse leaning, apex obtuse. Inflorescences compound, fasciculate, composed of terminal and axillary condensed panicles, these branched near the base, the basal-most branch usually with a sterile floret at the base consisting of two scales, the entire panicle partially included in a spatheolate sheath; sterile florets 2-4 mm long, 0.8-1 mm wide, linear-apiculate, flat, hyaline, 1-veined; racemose branches each bearing 1-5 fertile sessile spikelets, the spikelets separated by 1-4 mm on each branch; rachis angular, 3 or 4-ribbed. Spikelets 4.4-6 mm long, lanceolate, laterally compressed, solitary, composed of one fertile floret, plumbeous-mottled; rachilla not extended; callus short, blunt, pubescent, located just below the glumes where disarticulation occurs leaving a small cuplike tip; glumes dimorphic; lower glumes absent or obscure; upper glumes 3.5-5(-6) mm long, about as long as the lemma, oblong, chartaceous, firmer than fertile lemma (excluding the awns), 7-9-veined, lateral veins ribbed, pubescent along the veins on lower ½, apex deeply bifid and 3(5)-awned, the awns 5-7 mm long, scabrous, recurved, arising between the bifid apex; lemmas (4-)4.8-6 mm long, lanceolate, membranous, 3-veined, keeled, midvein scaberulous, lateral veins ribbed, apex acute to acuminate, minutely bifid, 1-awned, the awn 3-5 mm long arising from between the teeth; paleas 3.7-5.5 mm long, shorter than the lemmas, oblong, hyaline to membranous, tightly involute, 2-veined, apex obtuse, unawned; stamens 3; anthers 2-2.5 mm long, yellowish; ovary glabrous; caryopses 1.8-2 mm long, 0.5 mm wide, narrowly fusiform, straw coloured. (Columbus et al. 2001 ). According to Instituto Nacional de Estadística, Geografía e Informática [INEGI] (2003 [INEGI] ( , 2005 , the Sierra San Miguelito is placed in the Mesa del Centro Province in the Sierra Madre Oriental. Near Villanueva, Zacatecas, the soils are Haplic Phaeozem (forming sodium carbonate, Na 2 CO 3 ) over extrusive igneous rock (acidic) in a semi-dry climate with an annual mean temperature of 16°C and an annual mean precipitation of 60 cm (INEGI 2008a (INEGI , 2008b . In the Sierra de San Miguelito along the Rio Potosino, the soils are Calcic Regosol (forming calcium carbonate, CaCO 3 ) of medium texture over extrusive igneous rock (acidic) in a semi-dry climate with an annual mean temperature of 16 °C and an annual mean precipitation of 40 cm (INEGI 2008a (INEGI , 2008b . Without field verification, it is uncertain whether the soil differences among these sites are significant, but we are reasonably certain that all are alkaline with an elevated pH.
Conservation status. The species is rare in Mexico and is known from only three recent collections. Since it is a diminutive, short-lived annual, the species is easily overlooked and the main concern seems to be loss of habitat via human impact, i.e. agriculture, dam and road construction. Comments. The hand written script (verified by J. Rzedowski, per. comm., also see Rzedowski 1959) on the label of the holotype (K) says: "Müehlenbergia gracilis mihi," indicating that Jose Guillermo Schaffner thought he had collected a new species of Muhlenbergia. Bentham (1882) agreed with Schaffner that it was a new species but thought it had enough unique morphological features (spatheolate sheathed panicles, sessile spikelets and 3(5)-awned upper glumes) to warrant description of a new genus.
